Chronic alcohol consumption contributes to numerous diseases, including cancers, cardiovascular diseases, and liver cirrhosis. Epidemiological studies have shown that excessive alcohol consumption is a risk factor for dementia. Along this line, Alzheimer's disease (AD) is the most common form of dementia and is caused by the accumulation of amyloid-β (Aβ plaques in neurons. In this study, we hypothesized that chronic ethanol consumption is associated with pathological processing of APP in AD. To investigate the relationship between chronic alcohol consumption and Aβ production, brain samples from rats fed an alcohol liquid diet for 5 weeks were analyzed. We show that the expression levels of APP, BACE1, and immature nicastrin were increased in the cerebellum, hippocampus, and striatum of the alcohol-fed group compared to the control group. Total nicastrin and PS1 levels were induced in the hippocampus of alcohol-fed rats. These data suggest that the altered expression of APP and Aβ-producing enzymes possibly contributes to the chronic alcohol consumption-mediated pathogenesis of AD. [BMB reports 2011; 44(2): 135-139]
INTRODUCTION
Alzheimer's disease (AD) is the most common form of dementia and is characterized by a progressive loss of memory and other detrimental cognitive changes (1) . Amyloid-β (Aβ) plaques found in AD (2, 3) are produced by the sequential proteolytic cleavage of amyloid-β precursor protein (APP), a large, type I membrane protein, by β-secretase (BACE1) and γ-secretase. Oligomeric forms of overproduced Aβ lead to neuronal and synaptic loss, resulting in cognitive decline and AD.
AD has multiple etiological factors, including genetic, environmental, and general lifestyle factors (1) . Interestingly, there has been increasing support for diet playing a role in AD (4) (5) (6) . A number of dietary factors such as saturated fatty acids, higher calorie intake, and excessive alcohol (7) have been reported to increase the risk of dementia and AD (8) . In particular, a number of studies have shown the close association of alcoholic consumption and dementia, although the exact mechanisms are still not known (9) (10) (11) (12) (13) . Studies have been shown that frequent alcohol uptake by rats can cause mitochondrial dysfunction in neurons, leading to neurodegeneration (14) . Excessive alcohol consumption may contribute to structural changes in the brain as well as impairment of cognitive function (15) . Chronic alcoholism results in global brain atrophy with typical points of predilection for neurotoxic effects (16) . Alcohol can also induce cortical and subcortical cerebral atrophy (15, 16) , atrophic changes in the cerebellum (17) , enlargement of the cerebrospinal fluid space (15, 18) , and hippocampal volume loss (16, (19) (20) (21) . Moreover, genetic factors (22) , gender (23) , age (24) , amount of consumed ethanol, and the duration of alcohol consumption (25) may all affect the degree of alcohol-related brain damage.
Recent research has focused on the pathophysiological mechanisms underlying alcohol-induced brain damage (26) . However, the exact mechanisms by which alcohol causes brain tissue damage are still not known. The current study was designed to investigate the effects of chronic alcohol consumption on the expression of APP and APP processing enzymes, including β-secretase (BACE1) and γ-secretase.
RESULTS AND DISCUSSION
APP protein, a type I membrane protein, is cleaved by α-, β-, and γ-secretases (27, 28) . Sequential cleavage of APP by β-and γ-secretases generates Aβ peptide, the main component of the cerebrovascular amyloid plaques that accompany AD (27, 28) . Since excess alcohol consumption can be a risk factor for AD, we investigated the effects of chronic alcohol consumption on the expression of genes involved in Aβ production. We first compared the APP protein levels between the alcohol-fed http://bmbreports.org Fig. 1 . Effects of chronic alcohol consumption on APP expression in various rat brain regions. Western blot analysis of APP expression was performed in different brain regions of the alcohol liquid diet-fed group and control isocaloric diet-fed group. Samples from the frontal cortex (A), cerebral cortex (B), cerebellum (C), hippocampus (D), and striatum (E) were analyzed. (F) APP expression was quantified by densitometry using NIH image J software, and data are represented as the means ± SD, n = 9 (*P < 0.05, **P ＜ 0.01) compared to control group. C, control diet; E, ethanol diet.
Fig. 2.
Effects of chronic alcohol consumption on BACE expression in various rat brain regions. Western blot analysis of BACE1 expression was performed in different brain regions of the alcohol liquid diet-fed group and control isocaloric diet-fed group. Samples from the frontal cortex (A), cerebral cortex (B), cerebellum (C), hippocampus (D), and striatum (E) were analyzed. (F) BACE expression was quantified by densitometry using NIH image J software, and data are represented as means ± SD, n = 9 (**P < 0.01) compared to control group. C, control diet; E, ethanol diet.
Fig. 3.
Effects of chronic alcohol consumption on PS1 expression in various rat brain regions. Western blot analysis of PS1 expression was performed in different brain regions of the alcohol liquid diet-fed group and control isocaloric diet-fed group. Samples from the frontal cortex (A), cerebral cortex (B), cerebellum (C), hippocampus (D), and striatum (E) were analyzed. (F) PS1 expression was quantified by densitometry using NIH image J software, and data are represented as means ± SD, n = 9 compared to control group. C, control diet; E, ethanol diet. group and control group in different brain regions. Equal amounts of total protein were resolved by SDS-PAGE, and APP protein was detected by Western blotting. APP protein levels were significantly increased in the cerebellum, hippocampus, and striatum regions of the alcohol-fed group compared to the control group (Fig. 1) . In the frontal cortex and cerebral cortex, a tendency for increased levels of APP protein was observed in the chronic alcohol-fed group, although it did not reach statistical significance (Fig. 1) .
BACE1 fulfills most of the requirements expected for a candidate β-secretase (27, 28) . We therefore examined BACE1 expression in the brains of rats (Fig. 2 and Fig. 3 ). Similar to the altered APP expression, we found that the levels of BACE1 protein were significantly higher in the cerebellum, hippocampus, and striatum brain regions of the alcohol-fed group compared to the control group. No changes were observed in the expression levels of BACE1 in the frontal cortex and cerebral cortex brain areas. Together, these data suggest that chronic ethanol consumption can affect the expression levels of APP and APP processing enzymes.
Oxidative stress-induced BACE1 expression is regulated by γ-secretase activity, providing evidence of a feed-forward pathogenic mechanism of AD in which oxidative stress increases Aβ production, which then enhances oxidative stress (29) . Molecular identification of the γ-secretase complex has shown that four different members are essential for this enzymatic activity: presenilin 1 (PS1), anterior pharynx-defective (APH-1), presenilin enhancer 2 (PEN-2), and nicastrin (NCT) (27, 28) . Molecular genetic analyses identified mutations in PS1 as the cause of many instances of early-onset familial AD and have established PS1 as an integral membrane protein as well as a catalytic component of γ-secretase (3). To further investigate the relationship between alcohol consumption and APP processing, we measured the expression levels of PS1, the catalytic component of γ-secretase. We found that chronic alcohol consumption significantly increased PS1 immunoreactivity levels in the hippocampus with no detectable changes in the cerebral cortex when compared to the control group (Fig. 3) . Of note, the levels of PS1 immunoreactivity were somewhat decreased in the frontal cortex, although it did http://bmbreports.org BMB reports Fig. 4 . Effects of chronic alcohol consumption on nicastrin expression in various rat brain regions. Western blot analysis of nicastrin expression was performed in different brain regions of the alcohol liquid diet-fed group and control isocaloric diet-fed group. Samples from the frontal cortex (A), cerebral cortex (B), cerebellum (C), hippocampus (D), and striatum (E) were analyzed. The immature form (I) migrated at ~105 kDa, and the mature form (M) migrated at ~125 kDa. Total (F), mature (G), and immature (H) nicastrin expression was quantified by densitometry using NIH image J software, and data are represented as means ± SD, n = 9 (*P ＜ 0.05, **P ＜ 0.01) compared to control group. C, control diet; E, ethanol diet.
not reach statistical significance (Fig. 3) . Nicastrin binds γ-secretase substrates directly, indicating that nicastrin is a receptor for γ-secretase substrates (30) . Therefore, we decided to compare the nicastrin levels between the alcohol-fed group and control group in different brain regions. As expected, the mature form (~125 KDa) and immature form (~105 KDa) of nicastrin were detected in various brain regions (Fig. 4) . Total nicastrin levels were increased in the hippocampus of the alcohol-fed group compared to the control group. The levels of immature nicastrin were higher in the hippocampus, striatum, and cerebellum brain regions of the alcohol-fed group, whereas the mature form of nicastrin was increased in the striatum.
Heavier alcohol intake at middle age is associated with increased risk of late-life dementia, especially among individuals that carry the apolipoprotein E gene (ApoE) 4 allele (31). However, the specific pathological mechanism involved remains unknown. This is the first study showing the possible link between altered APP processing and the development of neurodegeneration and AD upon chronic alcohol consumption. The current study shows that repeated administration of alcohol was able to modulate the immunoreactivity levels of APP, BACE1, and γ-secretase subunits, including PS1 and nicastrin. Our results also show that there was differential regulation of these subunits in several brain regions. Although chronic feeding with alcohol shifted the expression levels of APP and APP processing enzyme subunits, future studies should clarify the functional significance of such changes either in cortical or subcortical brain structures to the development of AD.
In summary, we showed that the expression of APP and BACE1 was increased in the cerebellum, hippocampus, and striatum brain regions of the alcohol-fed group compared to the control diet group. PS1 expression and total nicastrin levels were slightly higher in the hippocampus. Immature nicastrin expression was higher in the cerebellum, hippocampus, and striatum brain regions of the alcohol-fed group compared to the control diet group. Mature nicastrin was detected more in the striatum of alcohol-fed rats. Brain region-specific changes in the expression of APP processing-related genes may be critical to developing alcohol-induced dementia and AD. The hippocampus, a region of the brain considered critical for learning and memory, appears to be extremely vulnerable in AD (32) . Chronic stress and AD cause similar cognitive impairments and pathological hallmarks, specifically in the hippocampus (32) . Along the same line, increased expression of all four examined genes in the hippocampus may be critical to the chronic alcohol-mediated pathogenesis of AD. These data suggest the possible link between altered APP processing and brain damage upon chronic alcohol consumption. http://bmbreports.org
MATERIALS AND METHODS

Animals
Male Sprague-Dawley rats weighing 150-170 g were purchased from Hyundai-Bio Animal Breeding Company (Korea). Rats were maintained in a room with controlled temperature and humidity (25 ± 1 o C and ± 5%, respectively) with a 12 h light-dark cycle. Animal studies were conducted in accordance with the Animal Research Committee of Sungkyunkwan University.
Liquid diets
After a 1-week adaptation period, experimental animals were given a liquid diet containing alcohol. Chronic ethanol feeding was carried out by incorporation of ethanol into a nutritionally adequate liquid diet obtained from Dyets Inc. (Pensylvannia, USA). The diet provided 1 kcal/ml, with 35% of total calories from fat, 47% from carbohydrates, and 18% from protein.
Ethanol-treated animals were fed a liquid diet in which maltose dextrin was isocalorically replaced by ethanol, which provided 36% of the total calories (33) . Animals at a body weight of 150-170 g were fed a liquid diet containing 40 g of ethanol per liter 2 days, followed by the final formula containing 50 g of ethanol per liter (34) .
Western blotting analysis
Brain tissue was homogenized in PBS containing protease inhibitor cocktail (Roche Diagnostics) and phosphatase inhibitor cocktail (Roche Diagnostics) according to the manufacturer's instructions. Briefly, the homogenates were centrifuged for 10 min at 4 o C, the pellet was discarded, and the supernatants were kept at −70 o C. Then, 20 μg of total protein were separated by 10% SDS-PAGE and transferred to PVDF membrane (Millipore). Anti-APP (zymed), anti-BACE1 (ABR), anti-Nicastrin (epitomics), and anti-PS1-CTF (Chemicon) antibodies were used to measure the expression levels of each protein. Anti-β-actin antibody (Thermo) was used as a loading control.
Statistical analysis
All values were reported as the means ± SD. The overall significance of the data was examined by one-way analysis of variance (ANOVA). Differences between the groups were considered significant at P ＜ 0.05.
